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ABSTRACT 



Context. Some previous investigations have found that the fraction (/agjv) of active galactic nuclei (AGNs) is lower 
in clusters than in the field. This can result from the suppression of galaxy-galaxy mergers in high-velocity dispersion 
(er„) clusters, if the formation and/or fueling of AGNs is directly related to the merging process. 

Aims. We investigate the existence of a relation between /agjv and a v in galaxy clusters in order to shed light on the 
formation and evolution processes of AGNs and cluster galaxies. 

Methods. Using data from the Sloan Digital Sky Survey we determine Jagn and a v for the clusters in two samples, 
extracted from the catalogs of Popesso et al. (2006a) and Miller et al. (2005), and excluding clusters with significant 
evidence for substructures. 

Results. Wc find a significant /agjv — <J V anti-correlation. Clusters with a v lower and, respectively, higher than 500 km 
s _1 have AGN fractions of 0.21 ±0.01 and 0.15 ±0.01, on average. The /agjv —o~ v relation can be described by a model 
that assumes /agjv is proportional to the galaxies merging rate, plus a constant. 

Conclusions. Since /agjv increases with decreasing a v , AGNs are likely to have played a significant role in heating the 
intra-cluster medium and driving galaxy evolution in cluster precursors and groups. 

Key words. Galaxies: clusters: general - Galaxies: active - Galaxies: interactions - Galaxies: kinematics and dynamics 



1. Introduction 

Whether the fraction of active galactic nuclei (AGN here- 
after) is environment-dependent or not is a matter of de- 
bate. Claims that clusters contain a lower fraction of AGNs 
(Jagn hereafter) than the field (Gisler 1978; Dressier et al. 
1985, 1999; Hill & Oegerle 1993; Rines et al. 2005) are in 
disagreement with the recent finding of Miller et al. (2003) 
that Jagn does not vary with the local density. Such a dis- 
crepancy is explained by the finding of Kauffmann et al. 
(2004) that high-luminosity AGNs do avoid high-density 
regions, but low-luminosity AGNs do not; the latter dom- 
inate current AGN samples, but were normally missed in 
older AGN surveys. The quoted results were all based on 
optically-selected AGNs. X-ray observations have found a 
general over-density of X-ray emitting AGNs relative to 
field counts in the external regions of galaxy clusters (Henry 
& Briel 1991; Lazzati et al. 1998; Cappi et al. 2001; Martini 
et al. 2006 and references therein). However, the observed 
over-densities do not necessarily imply that the fraction of 
cluster galaxies hosting an AGN is higher than the corre- 
sponding fraction of field galaxies. 

A lower Jagn in clusters relative to the field could be 
explained in terms of a decreased galaxy-galaxy merger effi- 
ciency in clusters. In fact, AGNs are thought to be fueled, or 
even formed, by the merger of gas-rich galaxies, which leads 
to rapid nuclear inflows of gas (e.g. Barnes & Hernquist 
1992; Springel et al. 2005, S05 hereafter). The decreased 
merger efficiency in clusters arises from the high relative 
velocities of cluster galaxies, since the merger rate scales 
roughly as a~ 3 for high values of a v , where a v is the clus- 



ter velocity dispersion (Mamon 1992; Makino & Hut 1997). 
On the other hand, the low a v and high density of groups 
make them a very favorable environment for galaxy-galaxy 
mergers, probably even more favorable than the field. An 
indication that this might indeed be the case comes from 
the high values of Jagn (typically ^ 30%) reported for 
galaxy compact groups (Coziol et al. 2000, 2004; Turner et 
al. 2001; Tovmassian et al. 2006), and from the relatively 
high Jagn values found for "open clusters" in the early 
investigation of Gisler (1978). 

In this letter the existence of a relation between clus- 
ter /agjv and a v is investigated. For this purpose, we use 
two samples of nearby (redshift z < 0.08) galaxy clusters 
with data from the galaxy spectroscopic sample of the Sloan 
Digital Sky Survey (SDSS). In Sect. 2 we briefly describe 
our cluster samples, and how we determined a v and /agjv- 
In Sect. 3 we analyze the relation between these two quan- 
tities. In Sect. 4 we discuss our results and provide our con- 
clusions. Throughout this letter, we use Hg = 70 km s _1 
Mpc -1 in a flat cosmology with fip = 0.3, and Oa = 0.7. 



2. The cluster sample, a v , and Jagn 

The optical data used in this paper are taken from the 
SDSS (see, e.g., York et al. 2000; Abazajian et al. 2004). 
We use two nearby cluster samples in our analysis, that of 
Popesso et al. (2006a, PBBR hereafter), and the C4 cluster 
catalog of Miller et al. (2005). Each cluster sample has its 
own merits. All clusters in the PBBR have X-ray counter- 
parts (although not all of them are X-ray selected). The C4 
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catalog is entirely optically-selected, and has the advantage 
of having a well understood selection function. 

PBBR have selected the cluster members by the method 
of Katgert et al. (2004), shown to be reliable by tests per- 
formed on clusters extracted from cosmological simulations 
(van Haarlem et al. 1997; Biviano et al. 2006). PBBR have 
determined virial masses, virial radii (r2oos), and velocity 
dispersions (a v s) using the cluster members with cluster- 
centric distances < r2oo- We refer the reader to PBBR for 
all the relevant details. The sample of PBBR contains 137 
clusters with at least 10 member galaxies within T2qo- Ten 
member galaxies are considered to be the minimum num- 
ber for a reliable determination of a cluster a v (Girardi 
et al. 1993; Zabludoff & Mulchaey 1998). Using the same 
methods of PBBR we select the cluster members in the C4 
clusters, and then determine the a v s of those clusters with 
at least 10 member galaxies within their r2ooS (609 clusters 
in total). 

From both the PBBR and the C4 samples, we exclude 
those clusters with significant evidence for subclustering 
(probability < 1%), according to the test of Dressier & 
Shectman (1988). In this way we reduce the occurrence of 
very wrong cr„-estimates (see, e.g., van Haarlem et al. 1997; 
Biviano et al. 2006). There are 17 and, respectively, 115 
clusters with subclustering in the PBBR and C4 samples. 

We use all galaxies from the SDSS spectroscopic sample, 
with no magnitude limit, to determine the cluster veloc- 
ity dispersion, since there is no evidence for segregation of 
cluster galaxies in velocity space, apart for the very bright 
galaxies (Biviano et al. 1992). However, the fraction of AGN 
galaxies does depend on the galaxy mass (Kauffmann et 
al. 2003), therefore we need to sample the cluster galaxy 
populations down to the same absolute magnitude limit, 
that we set to M r = —20.0. We then select only those 
clusters that are sampled deeper than this limit, i.e. those 
for which the limiting magnitude r — 17.77 of the SDSS 
spectroscopic survey corresponds to an absolute magnitude 
M r > -20.0, and with > 5 members with M r < -20.0. 
Choosing a much brighter magnitude limit would leave us 
with too few member galaxies per cluster, while choosing 
a much fainter magnitude limit would leave us with too 
few clusters sampled down to the chosen limit. Our final 
samples contain 63 (PBBR sample) and 261 (C4 sample) 
clusters; all their a\,-estimates are based on > 20 galaxies. 

The AGN classification of our cluster members is taken 
from Brinchmann et al. (hereafter B04; see also Kauffmann 
et al. 2003), which identify AGNs on the basis of the 
Baldwin et al. (1981, hereafter BPT) criteria. BPT demon- 
strated that it is possible to distinguish AGNs from nor- 
mal star-forming galaxies by considering the intensity ra- 
tios of two pairs of relatively strong emission lines, y = 
[OIII]A5007/H/3 and x = NIIA6583/Ha. According to B04, 
all the galaxies with logy > 0.61/(loga; — 0.47) + 1.19 (i.e. 
all objects above the upper line in the BPT diagram shown 
in Fig. 1 of B04) are classified AGNs. This classification is 
valid when the signal-to- noise of all the four lines involved in 
the diagnostic is > 3. Galaxies with a lower signal-to-noisc 
of either the [OIIIJA5007, or the H/3 line (or both) are clas- 
sified AGNs if x > 0.6. AGN-classified galaxies have > 40% 
of their Ha luminosity contributed by an AGN (B04). 

We define Jagn as the fraction of AGNs among all the 
cluster members within r2oo and with M r < —20.0. Since 
the completeness level is rather high for M r < —20.0, and 
since the sample we use is not biased in favor or against the 
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Fig. 1. Top panel: The fAGN~&v diagram in logarithmic 
scale, for the 63 clusters of the PBBR sample. The solid 
line is the best-fit orthogonal linear regression in logarith- 
mic space. 1-ct error-bars are determined following Gcrhcls 
(1986). Bottom panel: same as panel a, for the 261 clusters 
of the C4 sample. Error-bars are not shown for the sake 
of clarity, but are comparable to those shown in panel a. 
The 23 clusters with null values of Jagn are plotted at 
fAGN = 0.025. 

selection of emission-line galaxies, we deem it unnecessary 
to apply an incompleteness correction to the derived values 

of fAGN- 

3. Analysis and results 

The Jagn vs. a v diagram is shown in Figure^for both clus- 
ter samples. There is a significant anti-correlation between 
the two quantities. The Spearman rank correlation coeffi- 
cient (e.g. Press et al. 1986) is —0.45 for the PBBR sample, 
and the null hypothesis of no correlation is rejected with a 
probability of 0.9998. The f agn~&v anti-correlation is con- 
firmed by the analysis of the C4 sample (the Spearman cor- 
relation coefficient is —0.16, the no-correlation hypothesis is 
rejected with a probability of 0.99). Clusters with a v lower 
and, respectively, higher than 500 km s _1 have AGN frac- 
tions of 0.21±0.03 and 0.15±0.01, on average, in the PBBR 
sample (respectively 0.21 ± 0.01 and 0.16 ± 0.01, in the C4 
sample). We note that the fAGN-<?v anti-correlation is not 
due to the ^-dependence of the fraction of low-luminosity 
AGNs in the SDSS spectroscopic sample (Kauffmann et 
al. 2003) since there is no significant correlation between 
fAGNS and the average cluster redshifts in our samples. 
This is expected since our clusters span a narrow z-range. 

We performed orthogonal linear regressions between 
log f ag n and log a v , using the ODRPACK routine ( Akritas 
& Bershady 1996). For the C4 sample we obtain the best-fit 
relation log f A GN = (-1.21 ± 0.12) log a v + (2.50 ±0.24), 
which is consistent (within the errors) with the relation ob- 
tained for the PBBR sample. As an alternative description 
of the fAGN-Cv relation we also considered the expression 
fAGN = C K{u) + B, where u = bAao/{2a v ) 1 a is the 
galaxy internal velocity dispersion, and K(u) is the merging 
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Fig. 2. Biweight-average values of /agn in several bins of 
<r v for the PBBR (open symbols) and the C4 (filled sym- 
bols) samples. The solid line displays the relation Jagn — 
1.25 K (u) + 0.145, where K(u) is the merging rate func- 
tion derived by Mamon (1992), with u — 5.4cto/(2 a v ), and 
(To = 160 km s -1 . 
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Fig. 3. The relation between f\oii] (top panel) and Jsf 
(bottom panel) and a v for the sample of 26 clusters in com- 
mon between P06's and our samples. The solid line shows 
the relation of P06 (see their eq. (3)). 1-a error bars are 
shown. 



rate function derived by Mamon (1992), which scales as a v 3 
for high, cluster- like values of a v . We take cto = 160 km s _1 
as typical of the M r ^ —20.0 galaxies in our sample (we use 
the absolute magnitude vs. <r relation of Ziegler & Bender 
1997). Such a relation, with C = 1.25, B = 0.145, provides 
an acceptable fit to the biweight-average values of Jagn in 
several u^-bins both for the PBBR (\ 2 = 6.0 for 3 degrees 
of freedom, dof hereafter) and the C4 sample (x 2 = 10.2 for 
6 dof; see Figure[21 see Beers et al. 1990 for the definition of 
the biweight-average statistics). On the other hand a con- 
stant Jagn model is rejected (PBBR sample: \ 2 = 10.2 
for 4 dof; C4 sample: \ 2 — 18.4 for 7 dof). We discuss the 
physical interpretation of this relation in Sect. 01 



4. Discussion & conclusions 

We have discovered a significant anti-correlation between 
/agn and a v in two samples of nearby galaxy clusters. 
Such an anti-correlation is naturally expected if the forma- 
tion and/or fueling of AGNs is related to the galaxy-galaxy 
merging process (see, e.g., Veilleux et al. 2002; S05), since 
mergers of galaxies are impossible if the galaxy relative ve- 
locities are high, as in rich galaxy clusters. 

The AGN fraction appears to be proportional to the 
merger rate in galaxy systems (as determined theoretically 
by Mamon 1992), plus a constant (see Figure 0). The pro- 
portionality between Jagn and the merger rate of cluster 
(or group) galaxies is expected if galaxy-galaxy mergers 
increase the accretion rate of the central black hole (and 
hence the AGN luminosity) over a time-scale similar to the 
merger time-scale, as shown by the simulations of S05. 

Why then is Jagn not zero for the highest-er,, clusters? 
Even if the selected clusters in our sample do not show sig- 
nificant evidence for subclustering, it is possible that most 
still contain undetected subclusters, characterized by rather 
low, group- like values of a v . Moreover, even if we have se- 
lected cluster members in projected phase-space, this does 
not eliminate completely the contamination by field galax- 
ies, which Biviano et al. (2006) estimate to be 17%. Hence 
a substantial fraction of the galaxies in our cluster samples 
could reside in unidentified subclusters or in the field. If 
Iagn in subclusters is as high as that in compact groups 
(Coziol et al. 2000, 2004; Turner et al. 2001; Tovmassian et 
al. 2006) and if Jagn is higher in the field than in clusters 
(see discussion below), this could explain why the asymp- 
totic value of $ ag n in high-er,, clusters is not zero. 

Concerning the issue of whether Jagn in clusters is 
lower than Jagn in the field, the result clearly depends 
on the selection of the cluster sample. We find an average 
Jagn of 0.18 ± 0.02 for our clusters, and this is value is 
consistent with the lower limit obtained for the AGN frac- 
tion in the field, Jagn > 0.20 (Ho et al. 1997; Carter et 
al. 2001; Kauffmann et al. 2003; Miller et al. 2003; B04; 
Stasinska et al. 2006). On the other hand, clusters with 
a v > 500 km s _1 have an average Jagn of 0.14 ± 0.01, sig- 
nificantly lower than the field value. Our cluster AGN frac- 
tion is higher than previously reported values (Gisler 1978; 
Dressier et al. 1985, 1999; Hill & Oegerle 1993; Biviano et 
al. 1997; Rines et al. 2005; Martini et al. 2006), but our es- 
timate includes low-luminosity AGNs which were probably 
missed in the previous studies. 

The f agn~®v anti-correlation is not inconsistent with 
the lack of a correlation between Jagn and the galaxy num- 
ber density (Miller et al. 2003). We may in fact note that 
the merger rate has an inverse cubic dependence on a v , but 
only a linear dependence on the galaxy number density. If 
the AGN phenomenon is indeed triggered by galaxy-galaxy 
mergers, the dependence of the AGN fraction on the sys- 
tem a v must be easier to detect than the dependence on 
the density of the environment. 

Our fAGN-Cv plot of Figure [5] is very similar to Fig. 6 
in Poggianti et al. (2006, P06 hereafter), where the fraction 
of cluster members with EW(OII) < —3 [f[on] hereafter) 
is plotted as a function of the cluster a v for a sample of 28 
Abell clusters with SDSS spectroscopic data. The decreas- 
ing trend of f[oii] with increasing a v was interpreted by 
P06 in terms of a decreasing fraction of star-forming galax- 
ies with increasing a v . Their conclusion assumes that the 
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emission-line flux is entirely stellar in origin. While it is true 
that AGN and star-formation (SF hereafter) are probably 
related processes (e.g. S05 and references therein) it is inter- 
esting to determine whether the f[on]- cr v anti-correlation 
is driven mainly by the suppression of SF or mainly by the 
suppression of AGNs in high-<7„ cluster galaxies. 

There are 26 clusters in common between P06's sam- 
ple and ours. For these clusters we plot in Figure [3J f[oin 
vs. a v . Note that for the sake of comparison with P06, we 
have used only the cluster members with EW(OII) < —3. 
The relation of eq. (3) in P06 is shown as a broken solid 
line. Clearly we reproduce their result. We then select only 
star-forming galaxies, following the definition of B04, i.e. 
excluding not only AGNs, but also all the galaxies with 
a composite spectrum, i.e. those for which up to 40% of 
their Ha luminosity might come from an AGN. The frac- 
tion of star-forming galaxies, fsF vs. a v is shown in the 
same Figure. No trend is visible. The Spearman correlation 
coefficient is —0.05 and the null hypothesis of no correla- 
tion has an associated probability of 0.80, hence cannot be 
rejected. We then conclude that the f\on] vs. a v is mostly, 
if not entirely, due to the AGN contribution, i.e. the frac- 
tion of pure star-forming galaxies does not depend on the 
cluster a v (as already found by Popesso et al. 2006b). 

We conclude by pointing out that the Jagn — <Jv rela- 
tion we have found suggest that the AGN evolution must 
be linked to the evolution of galaxy systems. The elevated 
merger rate in low-<7„ galaxy systems (groups or cluster 
progenitors) may produce bursts of SF in their galaxies, 
followed by the formation of AGNs. AGN feedback may be 
crucial in quenching the SF in group galaxies (Cooper et 
al. 2006), and in providing additional entropy to the intra- 
group medium (e.g. Ettori et al. 2004). The hierarchical 
growth of galaxy systems leads to an increase of their <j v s, 
which suppresses the merger processes and hence the forma- 
tion of AGNs (and associated feedback) in cluster galaxies. 
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